The interpretation of oral glucose tolerance tests is complicated by varying individual rates of absorption from the intestinal tract. Intravenous tests eliminate the absorption factor, but there is evidence that they may be less sensitive than oral tests in detecting impaired tolerance (Moyer and Womack, 1950) .
It was considered that a galactose tolerance test performed in parallel with a glucose tolerance test would indicate the rate of absorption of glucose, since there is evidence that galactose and glucose are absorbed similarly but differ in the manner of removal from the blood.
The rates of absorption of galactose and glucose are independent of the amount of sugar present once a certain concentration is reached (Cori, 1925; Groen, 1937) . When a mixture of the two sugars is given, the total maximum rate of absorption of the two together approximates the maximum rate of absorption of either when given alone (Cori, 1926) .
The actual rate of absorption of galactose is slightly greater than that of glucose, the ratio 110: 100 being reported by Cori (1925) in rats and 118: 100 by Groen (1937) in man. No other sugar shows a rate of absorption so closely resembling that of glucose. Fructose is absorbed at half the rate, and " unphysiological sugars," such as rhamnose and xylose, at one-tenth of the rate of glucose (Cori, 1925; Groen, 1937) . The energy required for absorption (Darlington and Quastel, 1953) and the degree of depression of intestinal absorption by phloridzin (Ohnell and Hober, 1939) are the same for each sugar.
On a normal diet only minute quantities of galactose can be demonstrated in blood or urine, but when more than 20 g. of galactose is given by mouth the sugar can easily be demonstrated in both the blood and urine of most individuals so tested (Harding and Van Nostrand, 1929) .
In thyrotoxicosis oral galactose and glucose tolerance tests show impairment although intravenous tests are normal, findings which are attributed to an increased rate of absorption of all sugars in the small intestine (Althausen, Lockhart, and Soley, 1940; Barnes and King, 1943) . Thyroxine has been shown to have such an effect in animals (Althausen and Stockholm, 1938) .
Hypothyroidism (Stenstam, 1946) , pernicious anaemia (Stenstam, 1946) , sprue, and vitamin B deficiency (Beams, Free, and Glenn, 1941) are all conditions in which oral galactose tolerance tests show flat curves. The flat curves are attributed to impaired absorption of galactose (Beams et al., 1941; Stenstam, 1946) and are paralleled by similar curves in oral glucose tolerance tests performed in the same conditions. Normal or impaired tolerance curves are found when glucose or galactose is administered intravenously.
Removal of galactose from the blood is largely effected by the liver (Bollman, Mann, and Power, 1935) , and diseases causing impaired liver function are associated with reduction of galactose tolerance. Bauer (1906) was the first to describe the use of galactose in a test of liver function, and based his index of tolerance on the amount excreted in the urine after oral administration. More recently most workers have preferred to use blood levels (Althausen et al., 1940; MacLagan, 1940 ; Stenstam, 1946) .
Galactose tolerance has been investigated in diabetes mellitus by Kosterlitz (1933) Alsev (1952) estimated lactate and pyruvate levels after galactose administration in 10 normals and 10 diabetics. Levels rose in both groups to the same degree and it was concluded that galactose metabolism proceeded normally in diabetics.
Although the removal of galactose from the blood by the liver seems unaffected by insulin, GALACTOSE AND G LUCOSE TOLERANCE 1950; Park and Johnson, 1955) . In these experiments a high dosage of insulin has been employed; in those based on a perfusion technique the concentration of insulin used has been as much as 1 unit/ml. When this is compared with the daily requirements of less than 1 unit/kg. in the pancreatectomized man (Goldner and Clark, 1944; Ricketts, Brunschwig, and Knowlton, 1945) and when the results of galactose tolerance tests in diabetics are considered, it seems reasonable to conclude that the effect of insulin has no significance in the clinical assessment of galactose tolerance.
On the evidence available it seemed possible that galactose tolerance curves would provide the necessary evidence on the rate of glucose absorption in patients with normal liver function. In this paper are reported the results of parallel glucose and galactose tolerance tests in normal, obese, and post-gastrectomy subjects, and the significance of the findings is discussed.
The investigation was extended to obese subjects because of the reported high incidence of obesity in newly diagnosed diabetics (Joslin, Root, White, and Marble, 1952) and because of our own finding of a high incidence of obesity in patients with symptomless glycosuria and borderline glucose tolerance curves. Post-gastrectomy patients were investigated because they have been considered to show an early rapid absorption of glucose (Smith, Fraser, Staynes, and Wilcox, 1953) and should therefore provide suitable material for the investigation of the idea that galactose tolerance tests will indicate the rate of glucose absorption. Material A series of 37 "normal " subjects (aged 16-45 years) was investigated with both glucose and galactose tolerance tests. All were ambulant, apyrexial, and receiving no medication. Twenty-six were laboratory staff, seven were psychiatric outpatients, and the rest were suffering from minor eye or E.N.T. complaints. Their weights ranged from 112 to 204 lb. (82 to 115% expected weight).
Seven post-gastrectomy patients (aged 30-52 years) were similarly investigated. All except one were fit and were either free from or only suffered to a minimal degree from the symptoms which commonly follow this operation. The exception was under treatment for pulmonary tuberculosis.
Both tests were also performed on 18 normal obese individuals aged 17-47. The criteria of obesity were (1) weight exceeding that expected for height, age, and sex by more than 15% ; (2) clinical appearance of obesity. Employing these criteria it was found necessary to create a "borderline obese" group for subjects who either exceeded 115% expected weight but did not appear obese, or, being below this figure, did appear obese. A further six subjects were included in this group, four for the former reason and two for the latter.
The 18 obese subjects varied in weight from 120 to 166°o of that expected for height, age, and sex. Only one of these was referred because of obesity; he otherwise presented no abnormal symptoms or physical signs. Four were in-patients being treated for minor localized disorders of skin or eye. One was a short-stay patient in the psychiatric department. The remaining 13 were specially asked to attend, their obesity being noted on examination of medical records at two R.A.F. stations.
All subjects except two in the " borderline-obese " group were male. Methods A glucose tolerance test was performed on all cases in the morning after an overnight fast, following three days' preparatory diet containing 300 g. carbohydrate each day with normal fat and protein. The diet on the day of the glucose test was adjusted to conform with the diet of the preceding three days. The galactose test was performed similarly on the day following the glucose test. During the whole period the galactose intake was controlled to 5 to 10 g. daily by restricting milk to I to 1 pint daily. Smoking was prohibited on the morning of the tests, and during each test the patients were sitting in a quiet room on their own. None of the patients experienced any difficulty in drinking the sugar solution and none complained of any nausea.
Performance of Glucose Tolerance Test.-The subject emptied his bladder. Duplicate fasting blood specimens were taken. Fifty grams of glucose were administered dissolved in 250 ml. of water flavoured with 1 ml. of tinct. auranti B.P.C. Blood samples were taken for two hours at 15-minute intervals from the normal and obese subjects and at 30-minute intervals from the post-gastrectomy patients. Capillary blood was used and " true " glucose was estimated by a modification of the Folin and Wu method (Dische, 1955) . The fasting urine and specimens at one and two hours were tested for glucose with Benedict's reagent and for ketone bodies with Rothera's reagent.
Performance of Galactose Tolerance Test.-A venous sample of blood was taken from the patient and he was given 40 g. of galactose in 250 ml. of water flavoured with orange essence. Warming was required to speed the solution of the galactose, but when administered it was at room temperature. Capillary blood specimens were taken at 15-minute intervals for two hours.
Estimation of Blood Galactose.-Galactose, like glucose, is a reducing agent, and all the methods described for glucose estimation utilizing this quality may be employed for galactose. The problem in esti-mating blood galactose levels is to distinguish reduction due to galactose from that due to glucose. The most widely used technique has been the destruction of glucose before direct estimation of galactose. Yeasts are employed to destroy the sugars selectively nearly all varieties of ordinary baker's yeast will readily de-200 stroy glucose and leave galactose intact (MacLagan, 1940 water, but on occasion, in our experience, they persist even in spite of many further washings. There is also the possibility that the yeast will contribute some substance which will affect the reducing power of galactose.
In order to guard against these contingencies a modified technique based on King (1951) The data on the normal and obese series have been examined statistically for association with body weight within each group. The height of the peak was found to be independent of body weight, but in the normal series the time of the peak appeared to be earlier, the greater the body weight (r = 0.42, P<0.02).
Results of Glucose Tolerance Test
Composite glucose tolerance curves in the normals, post-gastrectomy patients, and the obese are shown in Fig. 1 . The results in the normal series are shown in Table II. In the normal controls but not in the obese a significant inverse relationship (r= -0.37, P<0.05) was found between the peak and twohour value. All features of the tolerance curve, fasting, peak, two-hour values, and time of peak, were examined for a relationship with body weight. No correlation was found between weight and fasting, peak, and two-hour values in either the normal controls or the obese. In the normal controls there was a highly significant correlation between weight and time of the peak, the greater the weight the earlier the peak (r=-0.48, P<0.01). This relationship was paralleled by that seen in the galactose tolerance tests. No explanation can be offered for this phenomenon.
The post-gastrectomy subjects all showed peak values over 170 mg./ 100 ml. Their fasting levels were all normal except one (108 mg./ 100 ml.), and their mean two-hour value was 73 mg./100 ml., the highest being 83 mg./100 ml.
The borderline obese group all gave results within normal limits.
Seven of the frankly obese subjects showed some abnormal feature in their curves. Six had a fasting level above 107 mg. /100 ml. (none in the control series), three had abnormally high peaks, and two showed abnormally high two-hour values. Three of the remaining 11 had peaks higher than 160 mg./100 ml. compared with four of 37 normals.
The full data on all subjects included in this investigation are given in Tables I-VI. Constancy of the Glucose Tolerance Curve Gross discrepancies between repeat tolerance curves have been reported by Lennox (1927) and (Fig. 2) . The galactose results in nor-2 2°°a°°m al subjects are compared in Table III with other glucose tolerance curve. In application a peak value slightly exceeding normal limits combined with a low normal two-hour value or a two-hour level just above the accepted upper limit, but following a low peak concentration, may be regarded as normal, whereas a ' high normal" peak and a "high normal" two-hour value may indicate impaired tolerance. An examination of the glucose tolerance tests performed in post-gastrectomy patients yields evidence in support of.this. Knowledge of the peak concentration is thus shown to be of value in assessing tolerance contrary to recently expressed opinions (Mosenthal and Barry, 1950 : Moyer and Womack, 1950 : Friend, 1951 : Duncan, 1952 . The peak value would seem to be a reasonably constant feature of the tolerance curve, the coefficient of variation (standard deviation expressed as a percentage of the mean being 9.61o as compared with 9.8o, for the fasting values and 15.8',, for the two-hour values).
Statistical examination shows no correlation between peak values of glucose and galactose in the normal control series. Close correlation, however, could not be expected since even when repeat tolerance tests are performed with the same sugar considerable variation is encountered. Furthermore, each value is the resultant of two main factors, the rate of absorption and the rate of removal from the blood. The rate of absorption of galactose is thought to be similar to that of glucose, but its removal from the blood is not which is the main site of sugar absorption. This is the explanation given for the consistently high glucose tolerance peak levels seen in most of these patients. Seven cases were examined, and, as expected, very significantly higher galactose tolerance peak values were found than in the normal control series. This suggests that peak galactose levels do mirror the rate of glucose absorption, particularly when the rate of absorption is considerably altered from the average normal. The gastrectomy zases were all under expected weight (mean 840°expected weight, range 760 -97 %), and for this reason a dose-body weight relationship coul'd be suggested as partly responsible for the finding of high peak galactose levels. In view of the lack of correlation between galactose peak level and body weight within the series of normal controls and obese subjects, this appears unlikely. An analysis of covariance of galactose peak and body weight over all the groups studied shows that the galactose peaks in the post-gastrectomy patients are in fact higher than would be expected from their body weight. Compared with the results found in the normals and post-gastrectomy series a marked divergence of glucose and galactose results is seen in the obese. Slow absorption of glucose in the obese would tend to mask impairment of tolerance assessed by the oral test. If the low galactose figures do in fact reflect slow absorption of glucose, then it seems probable that a high proportion of these " normal " obese individuals had impaired glucose tolerance, since they reach the borderline of abnormality in spite of slow absorption. Here again a possible alternative explanation would be a galactose dose-body weight relationship, but as with the gastrectomy cases this is unlikely and for the same reason.
It seems that obesity (excessive adipose tissue) as opposed to actual body mass is the determining factor in the low galactose peaks observed in the obese. It is possible that adipose tissue can remove galactose from the blood in a manner comparable with the liver. Bansi (1953) has shown in certain obese subjects that glycogen is laid down excessively in fat after the ingestion of glucose. Nevertheless slow absorption seems the more likely cause of the low galactose peaks and this receives support from certain other observations. Strang and McClugage (1931) investigated the specific dynamic action of a protein meal in normal and obese individuals. They showed that the total heat effect was similar but that in the obese the effect was delayed, the peak being lower and persisting over a longer period. Booth and Strang (1936) showed that in normals there was a rise in skin temperature after a protein meal. In the obese this was delayed and diminished. All these findings could be explained by a slow rate of absorption in the obese.
Summary and Conclusions
The assessment of glucose tolerance using the oral test is complicated by the variable rate of absorption which may occur in the intestinal tract. The galactose tolerance test has been proposed as a means of indicating the rate of absorption of glucose.
Glucose and galactose tolerance tests have been performed on 37 normal controls, seven postgastrectomy patients, 18 obese, and six borderline obese subjects. A modified method of blood galactose estimation has been employed.
Normal values in oral glucose and galactose tolerance have been reported and attention has been drawn to the inverse relationship which normally exists between peak and two-hour blood concentrations in the glucose test. Some relationship was noted between glucose and galactose curves performed in the same individual, but this was not a close one. Repeat glucose tests in the same individual have been shown to reveal marked variations.
Since a fixed dose of sugar was employed in both tolerance tests the tolerance data were examined for variations with body weight, but none was found. A surprising inverse relationship was shown to exist between the time of the peak and body weight in both glucose and galactose tolerance tests. No explanations could be offered.
Tolerance tests in post-gastrectomy patients revealed "lag" glucose and "lag " galactose curves; in each case they closely resembled one another. These findings were considered to support the proposed use of the galactose tolerance test to indicate the rate of absorption of glucose.
Seven of 18 obese subjects showed some abnormality in the glucose tolerance test. There was a very marked trend for galactose tolerance curves to be low. It is suggested that in obesity the rate of absorption is slow in the intestinal tract and that this tends to mask impaired glucose tolerance when it is assessed using the oral test.
APPENDIX
Estimation of Blood Galactose The method used was a modification of that of King (1951) .
Reagents. (2) Add I ml. of yeast suspension, mix, and incubate in a water-bath at 37' C. for 15 minutes.
(3) Remove, precipitate proteins with 0.3 ml. of 7% copper sulphate solution and centrifuge.
(4) Remove 2 ml. of the filtrate into Folin and Wu tubes and proceed as for blood glucose estimation (Dische, 1955) .
It is found that there is a linear relationship between reduction and galactose concentration between 10 and 100 mg. Below 10 mg. the relationship follows a curved line from the blank value to intersect the straight line drawn through 50 and 100 mg. standard readings at 10 mg./100 ml. galactose. 
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